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Theoretical analyses of the development of numerical representations suggest that playing linear number board
games should enhance young children’s numerical knowledge. Consistent with this prediction, playing such
a game for roughly 1 hr increased low-income preschoolers’ (mean age 5 5.4 years) proficiency on 4 diverse
numerical tasks: numericalmagnitude comparison, number line estimation, counting, andnumeral identification.
The gains remained 9 weeks later. Classmates who played an identical game, except for the squares varying in
color rather than number, did not improve on any measure. Also as predicted, home experience playing number
board games correlated positively with numerical knowledge. Thus, playing number board games with children
from low-income backgrounds may increase their numerical knowledge at the outset of school.
Children vary greatly in the mathematical knowledge
they possess when they enter school. These differ-
ences in initial mathematical knowledge appear to
have large, long-term consequences. Proficiency in
mathematics at the beginning of kindergarten is
strongly predictive of mathematics achievement test
scores years later: in elementary school, in middle
school, and even in high school (Duncan et al., 2007;
Stevenson & Newman, 1986). This pattern is consis-
tent with the general finding that initial knowledge is
positively related to learning (Bransford, Brown, &
Cocking, 1999), but the relations inmath are unusually
strong and persistent. For example, they were consid-
erably stronger than the relations between initial and
subsequent reading proficiency in the same six longi-
tudinal studies reviewed by Duncan et al. (2007;
average standardized beta coefficients of .34 vs. .16).
Given the strong and persistent relation between
early and later mathematical proficiency, it is espe-
cially unfortunate that preschoolers and kindergart-
ners from low-income families enter school with far
less numerical knowledge than peers from more
affluent families. Being clear on the locus of this gap
is crucial forunderstanding it.Onnonverbalnumerical
tasks, the performance of young children from low-
income backgrounds is equivalent to that of age peers
from wealthier backgrounds (Ginsburg & Russell,
1981; Jordan, Huttenlocher, & Levine, 1992; Jordan,
Levine, &Huttenlocher, 1994). However, on taskswith
verbally stated or written numerals, the same studies
andmany others find large differences. This is the type
of numerical knowledge at issue in the present study.
Substantial differences in the numerical profi-
ciency of preschoolers and kindergartners from dif-
ferent socioeconomic status backgrounds have been
demonstrated on a wide range of foundational tasks:
reciting the counting string, counting sets of objects,
counting up or down from a given number other
than 1, recognizing written numerals, adding and
subtracting, and comparing numerical magnitudes
(Ginsburg & Russell, 1981; Griffin, Case, & Siegler,
1994; Jordan, Kaplan, Olah, & Locuniak, 2006; Jordan
et al., 1992, 1994; Saxe, Guberman, & Gearhart, 1987;
Starkey, Klein, &Wakeley, 2004; Stipek & Ryan, 1997).
The early differences in numerical proficiency tend to
become even more pronounced as children progress
through school (Alexander & Entwisle, 1988; Geary,
1994, 2006). It thus seems vitally important to analyze
the sources of these differences in early numerical
understanding and to use the analyses to formulate
methods for helping low-income preschoolers gain
numerical knowledge. Doing somay help prevent the
early differences between children from low- and
middle-income families from growing into larger, less
tractable, later ones.
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Theoretical Background
Studies using a variety of methods, including
multidimensional scaling, chronometric analysis,
and error analysis, indicate that people represent
numerical magnitudes in multiple ways (Banks &
Coleman, 1981; Holyoak & Mah, 1982; Shepard,
Kilpatrick, & Cunningham, 1973; Siegler & Opfer,
2003). Two particularly prominent forms are the
logarithmic ruler and linear ruler representations.
Within the logarithmic ruler representation (Dehaene,
1997), subjective magnitude is a natural logarithmic
function of objective magnitude. In contrast, within
the linear ruler representation (Case & Okamoto,
1996), subjective magnitude is a linear function of
objective magnitude.
Increasing reliance on linear representations of
numbers seems to play a central role in the develop-
ment of numerical knowledge. This pattern can be
illustrated on a number line estimation task that
involves presenting lines with a number at each end
(e.g., 0 and 100) and no other numbers or marks in-
between; the goal is to estimate the location on the line
of a third number written above the line (e.g., ‘‘Where
would 74 go?’’). An advantage of this task is that it
transparently reflects the ratio characteristics of the
number system. Just as 80 is twice as large as 40, the
estimated location of 80 should be twice as far from
0 as the estimated location of 40. More generally,
estimatedmagnitude (y) should increase linearlywith
actual magnitude (x), with a slope of 1.00, as in the
equation: y 5 x.
Often, however, children’s estimates do not
increase linearly with numerical magnitude; instead,
the estimates initially increase logarithmically. The
change from logarithmic to linear representations
occurs at different times for different numerical
ranges. On 0 – 100 number lines, kindergartners con-
sistently produce estimates that parallel the hypoth-
esized logarithmic ruler representation,whereas second
graders produce estimates that parallel the hypoth-
esized linear ruler representation (Siegler & Booth,
2004). A similar change occurs on 0 – 1,000 number
lines between second and fourth grades, with
second graders’ estimates fitting the logarithmic
ruler model and fourth graders’ and older child-
ren’s fitting the linear ruler model (Booth & Siegler,
2006; Opfer & Siegler, 2007; Siegler & Opfer, 2003).
Individual children often produce linearly increas-
ing patterns of estimates on smaller numerical
scales (e.g., 0 – 100) and logarithmically increasing
ones on larger scales (e.g., 0 – 1,000). Thus, the
change, at least between kindergarten and fourth
grade, seems to reflect growing experience with
numbers in a given range rather than more abstract
understanding of the base-10 system, which pre-
sumably would generalize to any scale.
This age-related change in number line estimation
is not an isolated phenomenon. Children undergo
parallel changes from logarithmic to linear represen-
tations of numerical magnitude at the same ages on at
least two other estimation tasks: numerosity estima-
tion (generating approximatelyN dots on a computer
screen, where 0 and 1,000 dots are shown) and
measurement estimation (drawing a line of approxi-
mately N units, where lines of 1 and 1,000 units are
shown; Booth & Siegler, 2006). Consistent individual
differences are also present on these tasks, with
most children within each grade from kindergarten
through fourth grade producing either linear estima-
tion patterns on all three tasks or logarithmic patterns
on all three (Booth & Siegler, 2006). Linearity of
number line estimates also correlates positively with
accuracy of magnitude comparison (Siegler & Laski,
2007), learning of answers to unfamiliar addition
problems (Booth, 2005), and overall math achieve-
ment test scores (Booth & Siegler, 2006; Siegler &
Booth, 2004). Within-grade correlations between lin-
earity of estimates on each of the three estimation
tasks and math achievement test scores are substan-
tial, typically between r 5 .50 and r 5 .60.
The numerical experiences that lead to initial
formation of linear representations of very small
numbers (0 – 10) are unknown. It seems likely that
counting experience during the preschool period
contributes, but such experience appears insufficient
to create linear representations of the numbers’ mag-
nitudes. Children often can count perfectly in a
numerical range more than a year before they gener-
ate linear representations of numerical magnitudes in
that range (Schaeffer, Eggleston, & Scott, 1974; Siegler
& Ramani, in press).
If counting experience is insufficient to yield linear
magnitude representations, what other numerical
experiences might contribute? One common activity
that seems ideally designed for producing linear
representations is playing linear, numerical, board
games—that is, board games with linearly ar-
ranged, consecutively numbered, equal-size spaces
(e.g., Chutes and Ladders). As noted by Siegler and
Booth (2004), such board games provide multiple
cues to both the order of numbers and the num-
bers’ magnitudes. In such games, the greater the
number in a square, the greater (a) the distance that
the child has moved the token, (b) the number of
discrete moves the child has made, (c) the number
of number names the child has spoken, (d) the
number of number names the child has heard, and
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(e) the amount of time since the game began. The
linear relations between numerical magnitudes and
these visuospatial, kinesthetic, auditory, and tem-
poral cues provide a broadly based, multimodal
foundation for a linear representation of numerical
magnitudes. Seen from another perspective, con-
ventional board games provide a physical realiza-
tion of the mental number line, hypothesized by
Case and Okamoto (1996) and Case and Griffin
(1990), to be the central conceptual structure under-
lying early numerical understanding.
Board Games and Numerical Development
The discrepancy in numerical knowledge of pre-
schoolers from low- andmiddle-income backgrounds
presumably is largely attributable to differing expe-
riences with informal learning activities, including
board games. A few experimental programs, such as
NumberWorlds (Griffin, 2000) and the BerkeleyMath
Readiness Project (Klein & Starkey, 2004), have uti-
lized number board games as part of instructional
interventions designed to improve the numerical
knowledge of children from low-income back-
grounds. These programs have yielded substantial
improvements in children’s early mathematical
achievement (Griffin, 2004; Klein & Starkey, 2004).
However, these and other intervention programs
have included a wide range of numerical activities,
not just board games but also simple arithmetic
problems, monetary activities, number-related proj-
ects, number-related songs, and books and computer
games that focus on numbers (Arnold, Fisher,
Doctoroff, & Dobb, 2002; Griffin, 2004; Starkey et al.,
2004). This variety of activities makes it impossible to
identify the causal role of any one of them. Thus,
although board games have been previously utilized
within educational programs for low-income chil-
dren, the causal contribution of the games to improve-
ments in the children’s numerical knowledge was
unknown until recently.
To determinewhether playing number boardgame
per se produces improvements in the numerical
magnitude understanding of preschoolers from low-
income backgrounds, Siegler and Ramani (in press)
randomly assigned children to play one of the two
board games. The games differed only in the partic-
ular board that children encountered. One board
included consecutively numbered, linearly arranged,
equal-spaced squares. The other board was identical
except for the squares varying in color but not
including numbers. Each child played one of the
two games with an experimenter for four sessions
over a 2-week period.
Playing the numerical version of the board game
led to the low-income preschool children’s number
line estimates becoming dramatically more linear.
Before playing the number board game, the best
fitting linear function accounted for an average of
15% of the variance in individual children’s estimates
of the numbers’ magnitudes. After playing the game,
the best fitting linear function accounted for an
average of 61% of the variance in the individual
children’s estimates. This was as high as the percent-
age of variance in the estimates of age peers from
middle-income backgrounds that was accounted for
by the best fitting linear function (60%). In contrast,
playing the color board game did not affect the
number line estimates of the children from low-
income backgrounds; the best fitting linear function
accounted for an average of 18% of the variance in
these children’s estimates on both pretest and post-
test. The accuracy of the children’s estimates, defined
as the deviation of the estimates from the correct
locations, confirmed these findings. Playing the num-
ber board game produced more accurate estimates;
playing the color version did not. Thus, playing the
number board game for four 15- to 20-min sessions
over a 2-week period produced substantial improve-
ments in low-income children’s number line estima-
tion,which seemed attributable to their increasinguse
of linear representations of numerical magnitudes.
The Current Study
In the current study, we pursued five goals. The
first was to replicate Siegler and Ramani’s (in press)
findings with a larger sample of low-income children
from Head Start programs. This seemed critical
because this study was the only one to date to
demonstrate a causal role of number board games
in improving the numerical knowledge of young
children.
The second goal was to examine the generality of
the effect of playing the number board game across
varied numerical tasks. The only numerical task that
Siegler and Ramani (in press) examined was number
line estimation. In the present study, three additional
measures of numerical knowledge were examined.
One was the standard numerical magnitude compar-
ison task, in which participants are asked, ‘‘Which is
bigger: N or M?’’ The second and third additional
tasks were counting from 1 to 10 and identifying
printed numerals in that range. Playing the number
board game required children to count and read
printed numerals in this range; therefore, the activity
was expected to lead to improvements in these
skills, as well as on the two tasks believed to reflect
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representations of numerical magnitudes. Thus, we
hypothesized that playing the number board game
would strengthen the low-incomepreschoolers’ num-
ber line estimation, magnitude comparison, numeral
recognition, and counting skills.
A third goal of the study was to examine stability
of learning over time. If playing the number board
gameproduces a general increase in understanding of
numerical magnitudes, then gains in number line
estimation and numerical magnitude comparison
should persist over time. If playing the game sub-
stantially increases counting and number identifica-
tion skills, then gains in proficiency on these tasks
should also persist. We tested these predictions by
presenting the four tasks both immediately after the
fourth game playing session and again 9 weeks later.
A fourth goal was to determine whether older and
younger preschoolers derive similar benefits from
playing the number board game. Older children
might be expected to learn more because they gener-
ally learn mathematical tasks more quickly than
younger children (Geary, 2006). However, younger
children might learn more in this particular case
because they were starting from a lower level and
thus had more to learn and because the new experi-
ence with the board games would increase their total
experience with numbers by a larger percentage. Yet
another possibility was that these two influences
would be equally strong, so that younger and older
children would benefit equally. Comparing the learn-
ing of older and younger preschoolers also would
help establish the age boundaries of the benefits of
playing the game and provide information regarding
whether playing such games produces gains over
a sufficiently broad age range to be of practical use in
Head Start classrooms.
The fifth goal of the study was to examine whether
past experience with board games in the home
environment was related to numerical knowledge at
the outset of the study and to subsequent learning in
the experimental situation. This goal was pursued in
Experiment 2; the way in which we pursued it is
described in the introduction to that experiment.
In Experiment 1, children from Head Start class-
rooms played either a number board game or a par-
allel color-based board game in four 15- to 20-min
sessions over a 2-week period. The central predictions
were that playing the number board game would
improve children’s numerical estimation, magnitude
comparison, counting, and numeral identification
skills; that the increases in numerical knowledge
would persist over a 9-week period; and that the
gains would be greater than those of children who




Participants were 124 preschool children (54%
female), ranging in age from 4 years 1 month to 5
years 5 months (M 5 4 years 9 months, SD 5 0.44).
They were recruited from 10 Head Start centers in an
urban area. All participants met the income require-
ments for Head Start established by the Federal
government for 2006 (e.g., for a family of three, annual
income below $16,600). Children within each center
were randomly assigned to the number board condi-
tion or to the color board condition. The number
board condition included 68 children (M 5 4 years 9
months, SD 5 0.46; 56% female; 50% African Amer-
ican, 43% Caucasian, and 7% Other [Asian, Hispanic,
biracial, or unknown]). The color board game condi-
tion included 56 children (M5 4 years 9months, SD5
0.41; 52% female; 55% African American, 40% Cauca-
sian, and 5% Other). In cases in which a Head Start
center had an odd number of participants, the extra
participant was assigned to the number board condi-
tion. An additional 12 children (4 in the number board
game condition and 8 in the color board game
condition) were given the pretest but did not com-
plete the experiment for the following reasons: child
withdrew from program (N5 5), child was absent for
an extended period (N 5 3), child had behavior
problems (N 5 2), and child refused to participate
(N 5 2). The experimenters were a female, post-
doctoral research associate of Indian descent and
a female, Caucasian research assistant.
Materials and Procedure
Board games. Children met individually with an
experimenter in a room near their classroom for four
15- to 20-min sessions within a 2-week period and for
a fifth session 9 weeks later. Each experimenter met
with the same children for all the sessions in the study,
approximately half in each of the two conditions.
Over the first four sessions, the preschoolers played
one of the two board games 20 times, with each game
lasting 2 – 4 min. The boards were identical in almost
all respects. Both were 52 cm long and 24 cm high and
had ‘‘The Great Race’’ written across the top. Both
included 10 horizontally arranged, different colored
squares of equal size, with the word ‘‘Start’’ at the left
end and the word ‘‘End’’ at the right end. The only
difference in the boards was that the one used in the
number version of the game had the numbers 1 – 10
listed consecutively from left to right in the squares,
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and the one used in the color version of the game did
not. In addition, the number board condition had an
associated spinner with a ‘‘1’’ half and a ‘‘2’’ half; the
color board condition had a spinner with colors that
matched the colors of the squares on the board.
Children chose a rabbit or a bear token and used it
to mark their progress on the board.
At the beginning of each session, the experimenter
told the child that they would take turns spinning the
spinner and that whoever reached the end first would
win. Children in the number board condition were
told that on each turn, they would move their token
the number of spaces indicated on the spinner;
children in the color board condition were told that
they would move their token to the nearest square
with the same color as the one to which the spinner
pointed. The experimenter also told the child to say
the number (color) that they spun and the numbers
(colors) on the spaces through which they moved.
Thus, children in the number board group who were
on a 3 and spun a 2 would say, ‘‘4, 5’’ as they moved.
Children in the color board group who spun a ‘‘blue’’
would say ‘‘red, blue.’’
If a child erred or could not name the numbers
or colors, the experimenter correctly named them
and then had the child repeat the names while
moving the token. One common error involved
children not naming the numbers in the spaces as
they moved their token and instead counting the
number of spaces they were to move their token
forward. If such children spun a 2, they would say
‘‘1, 2’’ as they moved their token similar to the way
a typical board game is played, instead of saying
the numbers in the spaces (e.g., ‘‘5, 6’’). If children
made this error, the experimenter would first
remind them to name the numbers in the spaces
as they moved. If children did not correct the error,
the experimenter would point and name the num-
bers in the spaces and then have the children repeat
them as she pointed to the spaces.
Measures of Numerical Knowledge
In the first, fourth, and fifth sessions, childrenwere
administered identical pretest, posttest, and follow-
up measures of numerical knowledge. All children
were presented the four tasks in the same order on
the three occasions: counting, number line estimation,
numericalmagnitude comparison, and numeral iden-
tification. These tasks were presented before children
played the board games in Session 1 and after they
played them in Session 4. Session 5 consisted solely of
the four tasks. No feedback was given on any of the
tasks, except for general praise and encouragement.
Counting. Children were asked to count from 1
through 10. Counting was coded as correct up to the
point of the first error (e.g., if a child counted ‘‘1, 2, 3, 4,
5, 6, 7, 9, 10,’’ her score was 7).
Number line estimation. Children were presented 18
sheets ofpaper, oneata time.Oneachsheetwasa25-cm
line,with ‘‘0’’ just below the left endand ‘‘10’’ just below
the right end. A number from 1 to 9 inclusive was
printed approximately 2 cmabove the center of the line,
with eachnumber printed on 2 of the 18 sheets.All nine
numbers from 1 to 9 were presented once before any
number was presented twice; the order of the nine
numbers was random both times. The experimenter
told the child that they would be playing a game in
which thechildneededtomarkthe locationofanumber
on a line. On each trial, after asking the child to identify
the number at the top (and helping if needed), the
experimenter asked, ‘‘If this is where 0 goes (pointing)
and this iswhere 10 goes (pointing),where doesNgo?’’
Numerical magnitude comparison. Childrenwere pre-
sented a 20-page booklet, inwhich eachpagedisplayed
two numbers between 1 and 9 inclusive side by side;
the taskwas to choose thebigger number. Twoexample
pairs with feedback were presented first, followed by
18 experimental problems (half of the 36 possible
pairs). On the two examples, the experimenter pointed
to each number and asked, for example, ‘‘John (Jane)
had one cookie and Andy (Sarah) had six cookies.
Which is more: one cookie or six cookies?’’ Incorrect
answers were corrected and the example problems
repeated until the child answered correctly. The 18
experimental problems paralleled the two example
problems except that no feedback was given. Half of
the children within each condition were presented
a given pair in one order and half in the opposite order.
Numeral identification. The task involved 10 ran-
domly ordered cards, each with a numeral from 1 to
10 on it. On each trial, the experimenter held up
a card and asked the child to identify the numeral.
Results
We first examined multivariate effects of age, con-
dition, and session across the four numerical tasks
and then examined their effects on each task individ-
ually. On three of the tasks, a single measure of
numerical knowledge was examined: number correct
on the magnitude comparison task, counts without
an error on the counting task, and number of numer-
als correctly identified on the numeral identifica-
tion task. On the number line estimation task, two
measures—linearity and slope—provided somewhat
different types of information about performance.
As shown in Figure 1a, on the number line task, the
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ideal function relating actual and estimated magni-
tudes is perfectly linear (R2lin 5 1.00) with a slope of
1.00. However, estimates can increase in a perfectly
linear function with a slope far less than 1.00
(Figure 1b), and estimates can increase with a slope
of 1.00 but not fit a linear function very closely
(Figure 1c). For this reason, both measures were
examined. To examine the age variable, a median
split was used to identify a younger group of 59
children (M 5 4 years 5 months, SD 5 0.21, range 5
4 years 1 month to 4 years 8 months) and an older
group of 65 children (M 5 5 years 1 month, SD 5
0.23, range 5 4 years 9 months to 5 years 5 months).
All post hoc tests were conducted using Bonferro-
ni’s t statistic. In cases where the data violated
sphericity (which reflected ceiling effects on some
measures in the number board condition on the
posttest and follow-up), the Greenhouse –Geisser
correction to the degrees of freedom was used.
A 2 (age: below or above median)  2 (condition:
number or color board game)  3 (session: pretest,
posttest, or follow-up) repeated measures multivari-
ate analysis of variance (MANOVA) was conducted
on the five measures described aove. Effects emerged
for age, F(5, 116)5 11.29, p, .001, g2p 5 .33; condition,
F(5, 116)5 6.23, p, .001,g2p 5 .21; session, F(10, 111)5
11.41, p, .001, g2p 5 .51; and the Condition Session
interaction, F(10, 111) 5 6.76, p , .001, g2p 5 .38. To
better understand the results and to examine their
consistency across tasks, univariate analyses were
conducted for each task.
Numeral Identification
Number of correct numeral identifications varied
with age, F(1, 120)5 5.66, p, .05, g2p 5 .05; condition,
F(1, 120)5 10.20, p, .01, g2p 5 .08; session, F(2, 207)5
25.19, p, .001, g2p 5 .17; and the Condition Session
interaction, F(2, 207) 5 9.10, p , .001, g2p 5 .07. The
main effect of age indicated that across conditions
and sessions, older preschool children correctly iden-
tified more numerals than did their younger class-
mates (7.7 vs. 6.6 correct).
As shown in Figure 2a, the interaction between
condition and session, as well as the main effects of
condition and session, resulted from significant gains
in numeral identification from playing the number
board game andminimal gains fromplaying the color
board game. Children who played the number board
game improved from a mean of 7 to 8.2 correct
identifications of the 10 numerals from pretest to
posttest, t(67) 5 5.42, p , .001, Cohen’s d 5 0.44, and
from 7 to 8.7 correct identifications from pretest to
follow-up, t(67)5 6.40, p, .001, d5 0.63. In contrast,
the numeral identification skills of children who
played the color board game improved minimally
over sessions: 6.1 correct on the pretest, 6.3 correct on
the posttest, and 6.6 correct on the follow-up. Viewed
from another perspective, there was no difference
between the two conditions on the pretest (7 vs. 6.1
correct). On the posttest, however, children who had
played the number board game identified more
numerals correctly than did children who had played
the color boardgame (8.2 vs. 6.3), t(92)5 3.68, p, .001,
d 5 0.69. The same was true on the follow-up (8.7 vs.
6.6), t(95)5 4.30, p, .001, d5 0.80. Thus, playing the
number board game led to greater improvements in
numeral identification.
We also examined the stability of individual dif-
ferences in numeral identification over the pretest,
posttest, and follow-up sessions. As shown in Table 1,
(c) Imperfect Linearity, Perfect Slope
y = x
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Figure 1. Relations between linearity and slopes of number line estimates: Hypothetical data.
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in both conditions, the individual differences were
highly stable. Thus, regardless of whether the experi-
mental conditions led to changes in the absolute level of
numeral identification skill, individual differences in
the skill were highly stable from pretest to follow-up.
Numerical Magnitude Comparison
Number of correct magnitude comparisons varied
with age, F(1, 120) 5 44.84, p , .001, g2p 5 .27;
condition, F(1, 120) 5 20.17, p , .001, g2p 5 .14; and
session, F(2, 240)5 15.55, p, .001, g2p 5 .12, as well as
with the Condition  Session interaction, F(2, 240) 5
7.00, p , .01, g2p 5 .06. As on the numeral identifica-
tion task, older preschoolers were more accurate than
younger preschoolers across conditions and sessions
(82% vs. 67% correct).
As shown in Figure 2b, the interaction between
condition and session, as well as the main effects of
condition and session, resulted from considerable
gains in magnitude comparison accuracy after play-
ing the number board game and negligible gains after
playing the color board game. Among children who
played the number board game, magnitude compar-
ison accuracy increased from 73% on the pretest to
85%on theposttest, t(67)5 7.83, p, .001, d5 0.79, and
from 73% on the pretest to 83% on the follow-up, t(67)
5 5.42, p , .001, d 5 0.57. In contrast, there was no
change over sessions in magnitude comparison accu-
racy for the childrenwhoplayed the color board game
(68% correct on the pretest, 70% correct on the post-
test, and 70% correct on the follow-up). From another
perspective, there was no difference between the
accuracy of children in the two conditions on the
pretest (73% vs. 68% correct). However, after playing
the number board game, children correctly identified
the larger number more often than peers did after
playing the color board game. This was true both on
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Figure 2. Individual children’s performance at pretest, posttest, and follow-up on four tasks in Experiment 1.
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the posttest (85% vs. 70% correct), t(95) 5 5.33, p ,
.001, d 5 0.99, and on the follow-up (83% vs. 70%
correct), t(122) 5 4.28, p , .001, d 5 0.77.
Analyses of individual differences in magnitude
comparison accuracy again showed substantial sta-
bility in both conditions. As shown in Table 1,
although the absolute levels of magnitude compari-
son proficiency increased in the number board con-
dition and remained unchanged in the color board
condition, individual differences in proficiency were
stable in both conditions.
Counting
Counting skill also variedwith age,F(1, 120)5 8.96,
p, .01, g2p 5 .07; condition, F(1, 120)5 10.20, p, .01,
g2p 5 .08; and session, F(2, 201)5 12.35, p, .001, g
2
p 5
.09, and tended to vary with the Condition  Session
interaction, F(2, 201)5 2.81, p5 .07, g2p 5 .02. As with
numeral identification and magnitude comparison,
across conditions and sessions, older preschoolers
counted more accurately than younger ones (means
of 9.4 vs. 8.4 numbers counted before the first error).
The tendency toward an interaction between con-
dition and session, as well as the main effects of
condition and session, again resulted from substantial
gains in accuracy after playing the number board
game and little or no gain after playing the color board
game (Figure 2c). Children in the number board game
condition improved on average from 8.7 counts
before the first error on the pretest to 9.9 counts
without an error on both the posttest, t(67) 5 3.97,
p, .001, d5 0.65, and the follow-up, t(67)5 4.14, p,
.001, d 5 0.69. In contrast, there was little improve-
ment in children’s counting after playing the color
board game: 8.1 counts without an error on the pre-
test, 8.4 counts without an error on the posttest, and
8.6 counts without an error on the follow-up. Viewed
from a different perspective, the counting of children
in the numerical and color board game conditions did
not differ on the pretest (8.7 vs. 8.1 numbers without
an error). However, children in the number board
game group generated more counts without an error
than did peers in the color board group on the posttest
(9.9 vs. 8.4 correct counts), t(61) 5 3.74, p , .001, d 5
0.74, and on the follow-up (9.9 vs. 8.6 correct counts),
t(59) 5 3.34, p , .01, d 5 0.66.
We also compared the percentages of children in
the two conditions who counted perfectly to 10. At
pretest, there was no difference in the percentage of
children in the two conditions who were at ceiling
(72% vs. 63% of the children). In contrast, on the
posttest, almost all children (94%)whohadplayed the
number board game counted perfectly to 10 vs. 71%
of children who had played the color board game
(N 5 124, p , .001, Fisher exact test). The same
difference was present at the follow-up: 97% versus
77%perfect counts in the two conditions (N5 124, p,
.001, Fisher exact test). Thus, after playing the number
board game, almost all the children counted to 10
flawlessly.
Analyses of the stability of individual differences
in counting accuracy again showed substantial sta-
bility in the color board condition, though ceiling
effects led to minimal correlations in the number
board condition (Table 1). The latter finding was not
surprising, given the minimal variance in counting
skill on both the posttest and the follow-up among
children who had played the number board game
(94% and 97% of children in this condition counted
perfectly on the posttest and follow-up).
Number Line Estimation
Accuracy. We obtained an overview of the accu-
racy of children’s number line estimation by examin-











For example, if a child marked the location of 5 on
a 0 – 10 number line at the position that corresponded
to 9, the percent absolute error would be 40%:
[(9  5)/10].
Accuracy of number line estimation varied with
age, F(1, 120)5 11.50, p, .01, g2p 5 .09; condition, F(1,
120)5 8.38, p, .01, g2p 5 .07; session, F(2, 227)5 6.54,
Table 1
Correlations of Children’s Performance on the Numerical Knowledge







Color board game group
Numeral identification .92** .85** .87**
Magnitude comparison .58** .50** .49**
Counting .80** .56** .67**
Number line linearity .84** .79** .72**
Number line slope .39* .50** .65**
Number board game group
Numeral identification .81** .71** .86**
Magnitude comparison .69** .57** .65**
Counting .16 .11 .03
Number line linearity .60** .65** .65**
Number line slope .38* .46** .63**
*p , .01. **p , .001.
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p, .01, g2p 5 .05; the Condition Session interaction,
F(2, 227) 5 11.96, p , .001, g2p 5 .09; and the Age 
Session interaction, F(2, 227)5 4.95, p, .01, g2p 5 .04.
Among childrenwhoplayed the number board game,
percent absolute error decreased from pretest to post-
test (28% to 21%), t(67)5 6.33, p, .001, d5 0.76, and
from pretest to follow-up (28% to 24%), t(67) 5 3.97,
p, .001, d5 0.47. In contrast, there was no change in
the accuracy of children’s estimates in the control
group (mean errors5 28% at pretest, 30% at posttest,
and 29% at follow-up).
Linearity. Linearity of number line estimation was
the measure that most directly corresponded to the
hypothetical construct of a linear representation of
numerical magnitude. Among children who played
the number board game, the linearity of the group
median estimates for each number increased sub-
stantially from pretest to posttest and also from pre-
test to follow-up (Figure 3). Among children who
played the color board game, no comparable changes
occurred (Figure 4).
The number line estimates of individual children
provided converging evidence for the group-level
patterns (Figure 2d). The linearity of individual child-
ren’s number line estimates varied with age, F(1, 120)
5 17.81, p, .001,g2p 5 .13; condition, F(1, 120)5 11.27,
p, .01,g2p 5 .09; session, F(2, 240)5 28.31, p, .001,g
2
p
5 .19; and the Condition  Session interaction, F(2,
240) 5 23.10, p , .001, g2p 5 .16. Across both
conditions and sessions, the estimates of the older
preschool children were more linear than the esti-
mates of the younger preschool children (mean R2lin
for individual children 5 .33 vs. .15).
The interaction between condition and session, as
well as themain effects of condition and session, once
more resulted from substantial gains in linearity after
playing the number board game and minimal gains
after playing the color board game. As shown in
Figure 2d, among children who played the number
board game, the mean percent variance in individual
children’s estimates that was accounted for by the
best fitting linear function increased from 17% on the
pretest to 46% on the posttest, t(67) 5 9.16, p , .001,
d 5 1.00, and from 17% on the pretest to 34% on the
follow-up, t(67)5 5.52, p, .001, d5 0.56. In contrast,
among children who played the color board game,
linearity was virtually unchanged; the best fitting
linear function accounted for a mean of 15% of the
variance on the pretest, 16% on the posttest, and 18%
on the follow-up. Viewed from another perspective,
the linearity of estimates of children who later played
the numerical and color board games did not differ
on the pretest (mean R2lin 5 .17 vs. .15). In contrast, the
estimates of children who played the number board
game were considerably more linear than the esti-
mates of thosewho played the color board game, both
on the posttest (mean R2lin 5 .46 vs. .16), t(122)5 6.10,
p, .001, d5 1.08, and on the 9-week follow-up (mean
R2lin 5 .34 vs. .18), t(122) 5 3.11, p , .01, d 5 .55.
Individual differences in linearity of number line
estimation, like individual differences on the other
tasks, were highly stable over the pretest, posttest,
and follow-up (Table 1). Thus, despite the children
who played the number board game considerably
increasing their linearity of number line estimates
from pretest to posttest and follow-up, and children
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y = 0.5927x + 1.3756
R2 = 0.95
Figure 3. Best fitting linear functions for mean number line estimates on pretest, posttest, and follow-up among children who played the
number board game.
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who played the color board game not doing so,
individual differences in linearity were highly stable
in both conditions.
Slope. Among children who played the number
board game, the slope of the group median estimates
for eachnumber increased substantially frompretest to
posttest and also from pretest to follow-up (Figure 3).
Among children who played the color board game, no
comparable changes in slope were present (Figure 4).
Analyses of the slopes of individual children’s
estimates provided converging evidence for the
group-level pattern (Figure 2e). As on all the other
analyses, the slopes variedwith age, F(1, 120)5 22.60,
p , .001, g2p 5 .16; condition, F(1, 120) 5 16.64, p ,
.001,g2p 5 .12; session, F(2, 240)5 19.99, p, .001,g
2
p 5
.14; and the Condition Session interaction, F(2, 240)
5 12.21, p , .001, g2p 5 .09. The main effect of age
indicated that across conditions and sessions, the
estimates of the older preschool children had higher
slopes than the estimates of their younger peers
(mean slope 5 .45 vs. .15).
The interaction between condition and session, as
well as themain effects of condition and session, once
more resulted from substantial gains after playing the
number board game and minimal gains after playing
the color game. As shown in Figure 2e, among
children who played the number board game, the
slopes of number line estimates increased from pre-
test to posttest (mean slopes5 .21 vs. .65), t(67)5 7.36,
p, .001, d5 0.99, and frompretest to follow-up (mean
slopes5 .21 vs. .48), t(67)5 4.67, p, .001, d5 0.59. In
contrast, there was no change in slopes among
children who played the color version of the game;
the mean slopes for their estimates were .13 on the
pretest, .17 on the posttest, and .19 on the follow-up.
Slopes in the two conditions did not differ on the
pretest (mean slope 5 .21 vs. .13), but they did differ
on the posttest (mean slope5 .65 vs. .17), t(122)5 5.77,
p, .001, d5 1.04, and on the follow-up (mean slope5
.48 vs. .19), t(122) 5 3.29, p , .001, d 5 0.59.
Individual differences in the slopes of number line
estimates, like individual differences on the other
tasks, showed stability over the pretest, posttest,
and follow-up (Table 1). Although not as consistent
as the individual differences on the other measures,
individual differences in the slopes of number line
estimates were reasonably stable.
Relations of Individual Differences Across Tasks
We also examined the consistency of individual
differences in numerical knowledge across the four
tasks at each time of measurement. These analyses
were conducted separately for children who played
the number board game and those who played the
color board game. One reason for conducting the
separate analyses was that playing the number board
game might have had a greater impact on some tasks
than others, whichmight influence the correlations on
the posttest and follow-up in that condition. Another
reason was that the approach indicated the extent of
replication of the findings across the two experimen-
tal conditions. Linearity of number line estimation
and accuracy of magnitude comparison were both
hypothesized to reflect an underlying representation
of numerical magnitude (Dehaene, 1997; Gallistel &
Color Board Game 
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Figure 4. Best fitting linear functions for mean number line estimates on pretest, posttest, and follow-up among children who played the
color board game.
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Gelman, 1992), whichwould lead to individual differ-
ences on those tasks being substantially correlated at
all three times of measurement. Based on findings
frompsychometric studies that numerical proficiency
is a robust dimension of individual differences
(Geary, 1994, 2006), we also expected positive corre-
lations across all four tasks.
The pattern of correlations among the four meas-
ures—linearity of number line estimation, number of
correct magnitude comparisons, number of numerals
identified correctly, and numbers counted without an
error—was consistent with these predictions at all
three times of measurement. The largest correlations
generally involved the two tasks hypothesized to
reflect representations of numerical magnitude: num-
ber line estimation and numerical magnitude com-
parison. The 6 correlations involving these tasks
(3 Times of Measurement  2 Experimental Condi-
tions) ranged from r5 .42 to r5 .55, with a median of
r 5 .51 (all 6 ps , .001). Counting skill generally
correlated significantly with numeral identification
skill but was minimally related to number line esti-
mation andmagnitude comparison performance. The
6 correlations between counting and numeral identi-
fication scores ranged from r 5 .24 to r 5 .50, with
amedian of r5 .40 (5 of 6 ps, .05); the 12 correlations
between counting and the other two tasks ranged
from r5 .10 to r5 .32, with amedian of r5 .18 (2 of 12
ps , .05). Finally, numeral identification correlated
positively with all three other tasks, though the
correlations tended to be lower than those between
number line estimation and magnitude comparison.
The 18 correlations involving numeral identification
ranged from r5 .24 to r5 .54, with amedian of r5 .42
(9 of 18 ps , .001; 16 of 18 ps , .05). This pattern
suggested that three factors underlay the data: a mag-
nitude representation factor, on which both number
line estimation and magnitude comparison would
load heavily; a counting skill factor; and a numeral
identification factor.
To test this hypothesis, separate factor analyses
were performed for children in the color board
condition and for children in the number board
condition. Each factor analysis included linearity of
number line estimates, number of correct magnitude
comparisons, number of correct numeral identifica-
tions, and number of counts before the first error for
each child on the pretest, posttest, and follow-up, for
a total of 12 data points per child. Separately analyz-
ing performance in the number board and color board
conditions allowed examination of whether experi-
ence playing the number board game changed the
factor structure, as well as allowing replication of the
factor structure across the two experimental condi-
tions. The analyses used principal component analy-
sis as the extraction method and varimax with Kaiser
normalization as the rotation method. Following
Stevens’ (1992) recommendation for samples of this
size, loadings greater than .51 were considered sig-
nificant and are bolded in Table 2.
The analysis of performance of children in the color
board condition yielded a clear three-factor solution
(Table 2). The first component corresponded to the
hypothesized numerical magnitude dimension. Per-
formance on both the number line estimation and the
magnitude comparison tasks—the two tasks hypoth-
esized to reflect representations of numerical magni-
tudes—loaded heavily on this component at all three
times of measurement, and neither counting nor
numeral identification ever loaded substantially on
it. The second component reflected numeral identifi-
cation skill. The third component reflected counting
skill. The three components together explained 75%of
the variance in performance: the first component
explained 48%, the second component 18%, and the
third component 9%.
The analysis of performance of children in the
number board condition yielded a three-factor solu-
tion that was closely similar except for less clear
results on the third component (Table 2). Again, the
first component appeared to reflect understanding of
numerical magnitudes. As in the analysis of perfor-
mance in the color board condition, both number line
estimation and magnitude comparison performance
loaded heavily on this factor at all three times of
measurement. Also as in the analysis of performance
in the color board condition, the second factor seemed
to reflect skill at numeral identification. Performance
on this task at all three times of measurement loaded
heavily on this component, though counting perfor-
mance on the pretest also loaded somewhat on it. The
third component was more difficult to interpret. As
with the analysis of data from the color board condi-
tion, counting skill on the follow-up loaded heavily
on it. However, counting performance on the pretest
did not load on it, and counting performance on the
posttest loaded negatively on it. It seems likely that
the minimal variance in counting performance at two
of the three times of measurement among children
who played the number board game contributed to
this anomalous pattern: Recall that 94% of children in
this condition counted perfectly on the posttest and
97% counted perfectly on the follow-up. The three
components together explained 64%of the variance in
performance: the first component explained 43%, the
second component 13%, and the third component 9%.
Thus, the pattern of individual differences among
children who played the number board game largely
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replicated that among children who played the color
board game.
Discussion
After playing a linearly arranged number board
game for four 15- to 20-min sessions, children from
Head Start programs showed considerable improve-
ment in numerical magnitude comparison, number
line estimation, numeral identification, and counting.
These findings both replicate and extend the findings
of Siegler and Ramani (in press). Consistent with the
earlier findings, the accuracy, linearity, and slope of
children’s number line estimates improved after play-
ing the number board game. In addition, the present
findings went beyond the previous ones in demon-
strating that these improvements were general over
both tasks and time. Playing the number board game
resulted in substantial improvements on all four tasks
that were examined. Moreover, even though the
children had not seen the number board game for 2
months, the learning that was apparent immediately
after playing the number board game remained
strongly apparent 9 weeks later. The lack of improve-
ment among children who played the color board
game demonstrated that these gains after playing the
number board game were not attributable to matura-
tion, repeated testing, experiences in the Head Start
classrooms, interactions with the adult experimenter,
enjoyment of playing a board game, controlledmove-
ments of tokens along the game board, or a host of
other imaginable factors.
The experiment also examined developmental
differences in the preschoolers’ knowledge and learn-
ing. The older preschool children exhibited greater
initial knowledge than their younger peers on all four
numerical tasks. However, the differences on the
pretest neither grew nor shrank on the posttest and
follow-up; age and session never interacted. Thus, the
older preschoolers had greater initial numerical
knowledge, but the learning of older and younger
preschoolers was comparable. This finding suggests
that throughout the range of ages and numerical
knowledge represented among children in the present
experiment, playing thenumber boardgame increases
numerical knowledge by comparable amounts.
Experiment 2
The basic argument of this article is that playing linear
number board games contributes to both individual
and group differences in numerical knowledge at the
time that children enter school. The results of Exper-
iment 1 provided one type of support for this argu-
ment: In a laboratory setting, playing number board
games improved preschoolers’ numerical knowl-
edge, and the gains were broad and stable over time.
The purpose of Experiment 2 was to provide a
different type of evidence relevant to the argument—
evidence regarding activities in the home envi-
ronment. It seems likely that both individual and
socioeconomic differences in the numerical knowl-
edge that children bring to school arise in large part
Table 2
Factor Loadings for the Numerical KnowledgeMeasures Across the Three
Sessions





Color board game group
Pretest
Number line linearity .87 .15 .02
Magnitude comparison .67 .21 .01
Numeral identification .28 .87 .27
Counting .17 .17 .87
Posttest
Number line linearity .87 .14 .12
Magnitude comparison .71 .11 .10
Numeral identification .23 .90 .29
Counting .14 .19 .92
Follow-up
Number line linearity .82 .16 .16
Magnitude comparison .65 .32 .25
Numeral identification .27 .88 .21
Counting .03 .43 .71
Number board game group
Pretest
Number line linearity .81 .06 .13
Magnitude comparison .65 .39 .01
Numeral identification .38 .80 .05
Counting .00 .54 .10
Posttest
Number line linearity .80 .17 .05
Magnitude comparison .57 .47 .09
Numeral identification .36 .84 .17
Counting .04 .47 .55
Follow-up
Number line linearity .84 .03 .00
Magnitude comparison .65 .42 .17
Numeral identification .22 .82 .20
Counting .03 .22 .81
Note. Following Stevens’ (1992) recommendation for samples of
this size, loadings greater than .51 are considered significant and
are boldface.
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from differences in informal numerical experiences
in the preschool years. To test this hypothesis, we
obtained data about home experiences with board
games, card games, and video games of preschoolers
from low- and middle-income families. The main
hypotheses were that amount of experience playing
board gameswould correlate positivelywith numer-
ical knowledge and that children from middle-
income backgrounds would have greater experience
with board games than would children from low-
income backgrounds.
A few prior studies have examined preschoolers’
informal numerical experiences. Mothers from mid-
dle-class and working-class families report playing
similar amounts of number-relevant games, such as
dominoes, in their homes (Saxe et al., 1987). Observa-
tional studies indicate that in the preschool context,
children from high-, middle-, and low-income back-
grounds engage in similar amounts of math-related
play, such as counting toys, comparing the sizes of
objects, andarrangingobjects into patterns (Ginsburg,
Inoue, & Seo, 1999; Seo & Ginsburg, 2004). How-
ever, no published studies appear to have ad-
dressed children’s exposure to specific types of
games at home or the relation of such exposure to
their numerical knowledge. Given the Experiment 1
findings that playing a number board game in the
lab increased preschoolers’ numerical knowledge, it
seemed useful to determine whether children’s
board game experience at home is related to their
numerical knowledge and whether the board game
experience of children from low- and middle-
income backgrounds differs in ways that parallel
the discrepancy in their numerical knowledge.
Informal activities other than board games, in
particular cardgames, alsomay influence earlynumer-
ical knowledge. For example, in the card game War,
the player with the higher card wins the other player’s
card. For cards from 2 to 10, children can determine
the winner by identifying the numerals on the pair of
cards and comparing their magnitudes. Playing card
games such as War thus might improve numeral
identification and magnitude comparison skills.
It seemed possible, but less likely, that playing
video games would promote preschoolers’ numerical
knowledge. Some video games are designed to teach
young children counting, arithmetic, and other num-
ber skills, but they are a small percentage of all such
games and are not among the most popular. The
relation between preschoolers’ numerical knowledge
and the number of video games in their homes is
currently unknown, as is the relation between the
number of video games in the homes of low- and
middle-income preschoolers. Therefore, in Experi-
ment 2, we obtained self-report data regarding home
experiences playing board games, card games, and
video games from the preschoolers from low-income
backgrounds who participated in Experiment 1 and




Participants were 145 preschool children, 51% of
whom were female, ranging in age from 4 years
1 month to 5 years 5 months (M 5 4 years 9 months,
SD5 0.43). Thirty of the childrenwere recruited from
a predominately middle-class, university-run pre-
school (M5 4 years 9 months, SD5 0.36; 43% female;
87% Caucasian and 13% Asian). The other 115 partic-
ipants were children from Experiment 1 who at-
tended Head Start centers (M 5 4 years 9 months,
SD 5 0.44; 53% female; 52% African American, 41%
Caucasian, and 7% Other). The self-reports of these
children were obtained in a session after the 9-week
follow-up. Data for Experiment 2 were not collected
from 9 children from the original low-income sample
due to their not being present when the data were
collected.
Procedure
Children met individually with an experimenter
in a room near their classroom where they were
administered a set of questions to assess their game
playing experience outside of preschool. The exper-
imenter asked whether the children ever played
board games, card games, and video games at their
homes or at other family members’ or friends’
homes. If children responded ‘‘yes’’ to any of these
questions, they were asked whether they played that
type of game ‘‘all the time, sometimes, or hardly
ever’’ and alsowere asked to name each board game,
card game, and video game they had played outside
of preschool.
Results and Discussion
Game Play Outside of School
We first examined whether there were differences
between children from low- andmiddle-income back-
grounds inwhether they ever had played each type of
game outside of preschool. As expected, a higher
percentage of children from middle-income back-
grounds reported having played at least one board
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game at home or at the homes of friends or relatives.
To be specific, 80% of the middle-class children
reported playing one or more board games outside
of preschool, whereas 47% of the Head Start children
did (N 5 145, p , .01, Fisher exact test). Similarly,
a higher percentage of children from middle-income
families reported having played one or more card
games at their home or at friends’ or relatives’ homes
(87% vs. 61%, N 5 145, p , .01, Fisher exact test).
A difference in the opposite direction was found
for video games; 66% of the children who attended
Head Start centers reported playing video games at
home or at a friend’s or relative’s house, but only 30%
of the children frommiddle-income backgrounds did
(N 5 144, p , .01, Fisher exact test; this question was
inadvertently not posed to 1 child). This last finding
argued against the possibility that the first two differ-
ences reflected middle-income children being more
willing to report playing games or better remember-
ing their game playing experience. Why would such
differences in reporting standards or memory be
present for board games and card games but differ-
ences in the opposite direction be present for video
games?
We then compared the number of board games,
cards games, and video games that children from the
middle- and low-income backgrounds named as ones
that they had played at their or other people’s homes.
Consistent with the previous findings, children from
middle-income backgrounds named a greater num-
ber of specific board games than the Head Start
children as ones they had played outside of preschool
(Ms 5 1.90 vs. 0.96 board games), t(143) 5 4.02, p ,
.001, d 5 0.82. Children from middle-income back-
grounds also listed a greater number of card games as
ones they had played outside of school (Ms 5 1.20 vs.
0.82 card games), t(143) 5 2.21, p , .05, d 5 0.45. In
contrast, children who attended Head Start centers
named a greater number of video games as ones they
had played at home (Ms 5 1.3 vs. 0.4 video games),
t(74) 5 4.01, p , .001, d 5 0.95.
Table 3 lists the percentage of children from low-
and middle-income backgrounds who reported play-
ing the most common games in each of the three
categories. Children in the two groups most often
reported playing the same specific board games and
card games outside of school. The situation differed
somewhat for the video games because children
named a far greater variety of them (65) than board
games or card games. This necessitated dividing the
video games into three main genres: action/adven-
ture, educational, and sports. As can be seen in
Table 3, the absolute percentages for all three genres
of video games were higher for children from low-
income backgrounds, though the difference was
smaller for educational games than for the other two
types of games.
Game Playing Experience and Number Knowledge
To determine whether low-income preschoolers’
number knowledgewas related to their game playing
activities outside of school, we correlated their pretest
performance in Experiment 1 with their experience
playing different types of games in the home envi-
ronment. As shown in Table 4, the number of board
games that the Head Start children named was
positively correlated with measures of numerical
knowledge on all four tasks. In contrast, the numbers
of card games and video games that children named
were only correlated with one task apiece.
To further examine the relations between child-
ren’s number knowledge and their game playing
experience, we divided the Head Start children into
three groups, based on the number of contexts in
which they indicated that they played board games
outside of school. The groups were (a) children who
did not report playing any board games, (b) children
who reported playing board games at one location
(own home or others’ homes), and (c) children who
reported playing board games at multiple locations
(own and others’ homes).
A MANOVA comparing the three groups’ perfor-
mance on the five measures of numerical knowledge
examined in Experiment 1 indicated that numerical
knowledge varied with the number of contexts in
which children played board games, F(10, 216)5 2.37,
p, .05,g2p 5 .10. Childrenwhoplayedboardgames in
more contexts had greater numerical knowledge than
the other children. Univariate analyses indicated that
children who played board games in a greater num-
ber of informal contexts more accurately identified
numerals, F(2, 112) 5 3.02, p 5 .05, g2p 5 .05; more
accurately compared numerical magnitudes, F(2, 112)
5 3.04, p 5 .05, g2p 5 .05; and generated number line
estimates that were more linear, F(2, 112) 5 9.16, p ,
.001, g2p 5 .14, and that tended to have higher slopes,
F(2, 112)5 2.89, p, .10, g2p 5 .05. Parallel MANOVAs
did not reveal any relation between the variety of
contexts in which children played card games and
video games and their numerical knowledge.
One number board game, Chutes and Ladders,
was named by a fairly high percentage of pre-
schoolers (17%). Because we hypothesized that linear
number board games like this one are especially
important for gaining numerical knowledge, we
performed biserial correlations on whether children
who reported playing this game had greater
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numerical knowledge than those who did not report
playing it. (The correlationwas computed only for the
children from low-income backgrounds because they
were the only ones for whom the measures of numer-
ical knowledge were available.) Despite the crude
dichotomousmeasure of experiencewith this number
board game, whether children reported having
played Chutes and Ladders was correlated with four
of the five measures of numerical knowledge: accu-
racy of numeral identification, rb(113) 5 .24, p , .01;
errorless counts, rb(113) 5 .19, p , .05; linearity of
number line estimates, rb(113)5 .20, p, .05; and slope
of number line estimates, rb(113) 5 .26, p , .01.
General Discussion
This study tested the hypotheses that playing linear
number board games is a source of social class and
individual differences in young children’s numerical
knowledge and also a potential means for reducing
these differences. Results of the study supported both
hypotheses. Children from low-income backgrounds
reported only half as much experience playing board
games as age peers from middle-income back-
grounds; indeed, the majority of children in the low-
income sample reported never having played a board
game at home or at the homes of friends or relatives.
The amount of board game experience that they
Table 4
Correlations Between theNumber of BoardGames, CardGames, andVideoGames ThatHead Start Children ReportedHaving PlayedOutside of Preschool
and Their Performance on the Number Knowledge Tasks on the Pretest of Experiment 1
Number knowledge tasks Numeral identification Magnitude comparison Counting Number line linearity
Board games .25** .26** .20* .38***
Card games .13 .28** .11 .18
Video games .07 .02 .00 .21*
*p , .05. **p , .01. ***p , .001.
Table 3
Percentage of Children Who Reported Playing Specific Board Games, Card Games, and Types of Video Games
Game Description
Percent children who named game
Head Start Middle income
Board games
Candyland Players move tokens along winding path with colored spaces.
First to end wins.
29 63
Chutes and Ladders Players move tokens along linearly ordered squares numbered
from 1 to 100. First to reach Square 100 wins.
17 37
Checkers Players move tokens diagonally on spaces of a checkerboard to
capture opponent’s pieces by jumping over them. First to
eliminate opponent’s pieces wins.
9 10
Card games
Go Fish Players ask other players for card to form pairs with their
own cards. First to make pairs with all their cards wins.
30 37
Uno Players place a card that matches the suit or rank of the
current top card on top of the pile. First to use all cards wins.
9 33
Old Maid Players choose cards from opponents and make pairs with
own cards. Player with ‘‘Old Maid’’ card at end of game loses.
11 20
Memory Cards are placed face down. Players choose cards to
find matches. Player with the most matches wins.
8 10
Video games
Action/adventure Games with exploration and interaction with game characters
(e.g., Super Mario Brothers, Donkey Kong, Sonic).
38 13
Education Games marketed for educational value (e.g., Dora the Explorer
video game focuses on solving puzzles and problems).
22 17
Sports Sports games (e.g., football, baseball, car racing). 17 3
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reported was positively correlated with their numer-
ical knowledge. Most convincing, playing a linear
number board game with children from low-income
backgrounds for four 15- to 20-min sessions led to
large, broad-based, stable gains in numerical knowl-
edge. In this concluding section, we summarize the
results of the study in terms of its five main goals and
then consider theoretical and applied issues raised by
the findings.
The Impact of Playing Number Board Games
The present study was designed to pursue five
goals: to replicate a previous finding that playing
linearly arranged number board games improved
low-income preschoolers’ number line estimation, to
determine the effects of playing such games on
a broader range of numerical tasks, to establish
whether the increases in numerical knowledge are
stable over time, to examine developmental differ-
ences in learning, and to test whether informal
experience playing such games in the home environ-
ment is positively related to numerical knowledge.
With regard to the first goal, the results of Exper-
iment 1 replicated Siegler and Ramani’s (in press)
finding that playing a linear number board game
improves the accuracy, linearity, and slope of number
line estimates. The results of the present study also
lent support to Siegler and Ramani’s theoretical
interpretation—that the improvement in number line
estimation was indicative of a more general increase
in understanding of numericalmagnitude. Consistent
with this interpretation, children who played the
number board game improved on the numerical
magnitude comparison task as well as on the number
line estimation task. The individual difference data
within each experimental condition also supported
the theoretical interpretation. Results of the factor
analysis indicated that individual differences on these
two tasks in all three sessions loaded on the same
factor and that performance on the other tasks never
loaded on that factor. The findings also were consis-
tent with those of Malofeeva, Day, Saco, Young, and
Ciancio (2004), who found a similar distinction
between knowledge of magnitudes and specific
numerical skills.
With regard to the second goal, the present find-
ings extended those of Siegler and Ramani (in press)
by demonstrating that playing the number board
game enhanced counting and numeral identification
as well as understanding of numerical magnitudes.
Children’s counting improved to the pointwhere 94%
of children were at ceiling on the posttest and 97% on
the follow-up. Counting, numeral identification, and
understanding of magnitudes all seem crucial for
acquiring more advanced numerical competence,
for example, proficiency at arithmetic.
Because numerical skills tend to be positively
correlated, it might be argued that teaching other
numerical skills, such as counting and numeral
identification, would have had the same beneficial
effects as playing the number board game. However,
results of a previous study that involved giving
children at Head Start centers instruction, practice,
and feedback with counting and numeral identifica-
tion suggest otherwise. Malofeeva et al. (2004) found
that this type of intervention led to improvements in
counting and numeral identification but not to
improvement on tasks that assessed understanding
of numerical magnitudes, including numerical mag-
nitude comparison. This is not to deny the value of
practice with counting and numeral identification
but rather to note that the value of playing number
board games extends to a broader range of numerical
skills. Given that substantial positive correlations
between understanding of numerical magnitudes
and overall math achievement test scores are present
at least through fourth grade (Booth & Siegler, 2006),
gains in this type of understanding may be an
especially important contribution of playing number
board games.
With regard to the third goal, the benefits of play-
ing the number board game remained apparent 9
weeks after the experience on all four tasks. The
stability of the changes was consistent with the
interpretation that playing the number board game
helps create a representation akin to the numerical
central conceptual structure hypothesized by Case
and Okamoto (1996) to underlie a broad range of
numerical capabilities.
The fourth goal of the study was to examine
developmental differences in existing knowledge
and learning. On all four tasks, older children ex-
hibited greater knowledge of numbers than younger
children throughout the experiment. However, the
absence of interactions involving the age variable
indicated that older and younger children learned
a similar amount fromplaying the number game. This
finding indicates that both older and younger chil-
dren within Head Start centers derive substantial
benefits from playing the game.
The fifth goal of the study was to determine
whether informal game playing experience was
related to numerical knowledge. As hypothesized,
children who had more experience playing board
games at their own and other people’s homes also
exhibited greater numerical knowledge. The relation
was even present when only experience playing the
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single number board game Chutes and Ladders was
considered. Reported experience playing card games
and video games was not closely related to numerical
knowledge, thus indicating that the correlations with
board game experience were not due to numerically
advanced children having better memory for their
game playing experience or being more willing to
report it. In addition, children from middle-income
backgrounds reported playing more board games,
though fewer video games, than age peers from low-
income backgrounds.
All these findings converged on two conclusions.
First, differing experience with board games is one
source of the gap between the numerical knowledge of
children from more and less affluent backgrounds
when they enter school. Second, this gap can be
reduced by providing children from low-income back-
grounds experience playing number board games.
Issues Raised by the Present Findings
Future Learning
The present findings demonstrated that the bene-
fits of playing number board games include enhanced
understanding of numerical magnitudes, improved
counting, and improved numeral identification.
These gains are not only important in themselves
but also seem likely to increase children’s ability to
acquire further numerical information.
Consider how each of the skills is likely to facilitate
learning of arithmetic that is the major focus of
mathematics instruction in elementary school. Count-
ing skill is necessary for executing many arithmetic
strategies, such as adding by counting from 1 (the sum
strategy), adding by counting-on from the larger
addend (the min strategy), subtracting by counting-
up from the subtrahend, and subtracting by counting
down from the minuend. Consistent with this inter-
pretation, individualdifferences in first graders’ count-
ing skill have been found to correlate positively with
differences in their arithmetic proficiency (Geary, Bow-
Thomas, & Yoa, 1992). Also consistent with the inter-
pretation, accurate execution of counting-based arith-
metic strategies is predictive of accurate retrieval of
answers to arithmetic problems (Siegler, 1988). Auto-
maticity in numeral identification reduces working
memory load, which is also correlated with skill in
solving arithmetic problems (Geary, 2006).
A similar relation is present between numerical
magnitude representations and arithmetic proficiency.
Linearity of number line estimation correlates sub-
stantially with arithmetic proficiency (Booth, 2005). It
also correlates substantially with kindergartners’
through fourth graders’ math achievement test scores
(Booth& Siegler, 2006; Siegler &Booth, 2004); to a large
degree, such tests are assessments of arithmetic skill.
Moreover, providing first graders with accurate re-
presentations of the addends’ and sums’ magnitudes
helps them learn answers to novel addition problems
(Booth, 2005).
A likely reason for the relation between arithmetic
proficiency and linearity of numerical magnitude
representations is that presentation of arithmetic
problems activates not only a verbal representation
of the correct answer but also an approximate mag-
nitude representation (Hanich, Jordan, Kaplan, &
Dick, 2001). This can be seen in the finding from
verification tasks that people reject false answers that
are distant in magnitude from the correct answer
more rapidly than false answers that are closer to it
(they more rapidly reject 3 + 8 5 17 than 3 + 8 5 13)
(Ashcraft, 1992; Ashcraft, Fierman, & Bartolotta,
1984). This analysis suggests that playing number
board games should help children later learn arith-
metic, not only because it improves counting and
numeral recognition but also because it enhances
understanding of numerical magnitudes.
Formation of Mental Representations
The present findings raise many questions about
how interactions with physical materials help chil-
dren form more advanced mental representations.
Some of these questions can be addressed by deter-
mining which features of materials and of children’s
interactions with them influence learning.
In the present context, one feature that may be
important to the formation of more advanced numer-
ical magnitude representations is the linearity of the
board. Preschoolersmay implicitly take the approach,
‘‘The further toward the goal the token is, the bigger
the number in that square.’’ If so, circular boardgames
wouldbe less effective than linear ones. Such a finding
would suggest more generally that physical objects
that translate simply into mental representations of
fundamental concepts (the linear ruler representation
of numerical magnitude in this case) may play an
important role in cognitive development.
Another feature of numerical board games that
may be important is the kinesthetic cues produced by
physically moving the tokens. If so, having the
experimenter move the tokens should produce less
learning than having the child move them. The
embodied cognition approach (Thelen, 1996; Wilson,
2002) implies that the child’s physical movements
should contribute to formation of more advanced
conceptual representations in this and other contexts.
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A third feature that may be crucial for forming
more advanced representations of numerical magni-
tude is counting-on from the current number, which
usually will be a number greater than 1. Identifying
the value of the current number and counting-up
from there has been hypothesized to be crucial for
understanding numerical magnitudes and arithmetic
(Secada, Fuson, & Hall, 1983).
Yet another question relevant to the issue of how
conceptual representations are formed is whether the
variety of redundant cues that support formation of
linear representations of numerical magnitudes may
be crucial, as opposed to any particular cue being
essential. The above-cited cues, as well as others such
as the total distance traveled and the time forwhich the
game has been played, may be important not in and of
themselves but rather because of their mutually re-
inforcing properties. This interpretation is similar to
the ‘‘gang effect’’ in parallel distributed processing
(PDP)models of speech perception, reading, and other
skills (e.g., McClelland & Elman, 1986). Within this
interpretation, the best predictor of learning should be
the number of redundant cues rather than which ones
are present. Creating versions of The Great Race that
vary in the number of redundant cues would allow
evaluation of this hypothesis. More generally, all these
experiments should help determine the mechanisms
through which number board games help young
children construct more advanced representations of
numerical magnitude.
The Sociocultural Context
The present study reflects the view that the envi-
ronment in which cognition develops is a major
determinant of social class, developmental, and indi-
vidual differences in cognition. We also believe that
understanding cognitive development requires
detailed analysis of the specific, relevant activities in
which children engage in informal settings. Although
no one denies the importance of the everyday envi-
ronment, the way in which it exerts its influence on
cognitive development is rarely the focus of research.
The number of cognitive developmental studies that
center on this topic is dwarfed by the number that
examine the ages at which various competencies
emerge and the aspects of situations that influence
performance.
The few studies that have focused on environ-
mental influences on numerical development (e.g.,
Ginsburg et al., 1999; Mix, 2002; Saxe et al., 1987)
reveal the promise of doing so. Even everyday rou-
tines that do not explicitly involve numbers, such as
passing out napkins during dinner, promote concepts
that are foundational for understanding numbers,
such as one-to-one correspondence (Mix, 2002).
The present study combined an analysis of the
development of children’s mental representations of
numerical magnitudes with an analysis of the prop-
erties of games that might promote relatively
advanced representations. These analyses suggested
that linear number board games such as Chutes and
Ladders, which provide a clear physical basis for
linear mental representations of numerical magni-
tude,would be particularly likely to promote learning
about such magnitudes. The plausibility of the
hypothesis increased with the finding that amount
of board game play in general, and experience with
Chutes and Ladders in particular, correlated posi-
tively with performance on all four numerical tasks.
The finding that middle-income children have more
experience playing board games in general, and
Chutes and Ladders in particular, increased the
plausibility of the related hypothesis that variations
in experience with such games are one source of
differences between the numerical knowledge of
children from low- and middle-income backgrounds.
Not all games that could plausibly promote numer-
ical knowledge actually do so. Some card games and
video games include numerical content, but in the
present study at least, playing such games was largely
unrelated to numerical knowledge. This is consistent
with the previous finding that when low-income
kindergarteners were given educational video games
to play in their classrooms and at home, their mathe-
matics abilities did not showany improvement relative
to peers who were not given the games (Din & Calao,
2001). One likely reason is that even though computer
and video games are often marketed as promoting
mathematics andproblem-solving skills,manyof these
games only explore numerical concepts at very rudi-
mentary levels (Sarama & Clements, 2002). Computer-
based games, especially if they are combined with
relevant classroom activities and materials, can offer
children ways to develop skills and draw connections
among concepts (Sarama, 2004; Sarama & Clements,
2002).However, thismaynot be trueof thevideogames
that young children typically play. Incorporation
of cognitivedevelopmentaldata into thedesignprocess
may lead to construction of new games that are more
effective than the ones that are commonly played now.
Practical Implications and Issues
Number board games such as The Great Race are
promising candidates for broad adoption in Head
Start centers, child-care centers, and individual
homes. They cost little or nothing; anyone with
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a pencil and large piece of paper can create a board,
and creating a spinner with a ‘‘1’’ half and a ‘‘2’’ half is
also easy. No special skills appear to be required for
parents, child-care, and Head Start personnel to play
the games with children. An additional advantage is
that children enjoy playing such games, based both on
current observations and on the games’ enduring
popularity in diverse societies.
There is also no reason to believe that the present
version of The Great Race cannot be improved. Many
features of the intervention were based on hunches
and guesses rather than empirical research. One such
feature is amount of game playing experience. The
decision to have children play the game four times
was completely arbitrary. Varying the number of
sessions would indicate whether children would
derive greater benefits from playing the game for
more sessions or, conversely, whether the benefits
quickly reach asymptotic levels.
Another class of issues involves scaling-up the
current intervention from an experimental program
to one implemented by parents and childcare and
Head Start personnel. Although the lack of effects of
the color board control condition indicated that the
benefits of playing the number board game were not
due to a Hawthorne effect, having highly motivated
project personnel playing the game with children
might have interacted with the nature of the game.
Such effects have been found in other contexts, such
as programs involving reading to children from low-
income backgrounds (Whitehurst et al., 1994). A
related issue is whether the game produces compa-
rable learning if played in small groups. Addressing
these issues should increase theoretical understand-
ing of numerical development, as well as helping
children from low-income backgrounds acquiremore
advanced numerical representations.
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